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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reflection 
reducing film having a high electroconductivity and a high 
degree of antireflection even it wide frequency bands. 
SOLUTION: This reflection reducing film is constituted of 
two adjacent layers of a first layer 1 and a second layer 2 
counted from a supporting layer 1 1 in a reflection reducing 
film coated on the supporting layer 1 1 . The first layer 1 
consists of a light absorbing material and the second layer 
2 consists of e.g. Si02. When A v is a shorter wave length 
and A r is a longer wave length in arbitrary chosen two 
wave lengths, nv is a refractive index and kv is an 
extinction coefficient of the wave length in the first layer 
1, nr is a refractive index and kr is an extinction 
coefficient at the wave length A r and r= A r/ A v, nr and kr 
satisfy nrc-1<nr<nrc+1 or krc-1<kr<krc+1, where nrc and 
krc are approximate values of relations expressed by 
nrc=f(nv, kv, r) or krc=g(nv, kv, r). 
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(57) [Sift] 

v % "C, X«f«i ifcSSv^a»e>JRio«ii:*2 0Ji2 

tt1-«tma»fe*9, 3!2tf)l2}4#l;iffS iO. d»6 

, ftftSfiiJSrSfiir it, &l©ll©i6J& 

feSl, T?©JBW*ta*f*n, , fldSEflSJfcSrk, t 

-Kn, <n re +I&5^f4k« -Kk, <k« + 
lSrStfc-f. EL, n„ RXfk„ 14, n« =f (n. , k. , r) 
3 W4k« =g(n, , k, , r) ©HftSriSfist bftZ^X'h 
5. 




1 

±E3t*MfciEv^i»felS \<n>mb%2 <dM<d 2 oc| 
ttjM>J*5, ±R*20lttJBilT*8*l. 47551. 5 

±IE£l ©Softs*. fcHsttaJBflr^fcn. , 

II rc — 1 < II r < tl re + 1 
krc "Kk, <krc +1 

<IU nrc&Vkrcfi, ±ErO|tfcft#+5ii:t 
(r, nrc =f(n.,k.,r)fc5W4k r , : =g(n,,k,,r)©M#&j£ 

[W**2] ±!Bn« RTfk« OffiSr*»5jfi{Ha 

n « =-0. 00642 n , 2 +1. 66878 n , +0. 02786 k , 2 +0. 83206 k 
,+0. 15426 r 2 -0. 85276 r-0. 01964 n, k. -0. 58109 n, r- 
0.93386 k, r +0.66289 

k n =0. 0496972 n , 2 -2. 07664 n . +0. 00896 k , 2 +1. 3025 k 
. -3. 44187 r 2 +7. 11 118 r-0. 03678 n. k,+l. 95241 n, r- 
0.22876 k. r -3. 69482 
[fit** 3] lEn, RXfkr 14, UTVm&ZMtc 

-tzt mmb-tzmm 1 m^mmm, 

rirc — 0. 5<rir <nrc+0. 5 

krc - 0. 5<kr <krc +0. 5 

[11**4] ±m2<Dmt, -mumfrbi&sz. 
t mm i ummm±m a 

[ft** 5] ±|E3!l©®,2, Zty7,T^y^\m% 
B&JbK. 

111**61 ±lE£i©«tt, #7*T*tM£ft££ 

tti ks* $ <i« r t mm k+smon 1 eft ©em 

r i 1-5ff!** l mML<D5Lm±Wk 0 

[11**8] ±12311 ©1,2, f-txomm, &a> 

\m b <om&to<D'j>t£ <bhi ot«$ii5 r b m 
ft b -r 5 »** i iE*osi*w±tto 
[ti**9] ±ib3ii©s,±, f-ffom&QM* e? 
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^bm% b 1-5 is** i fafMt^ikitf . 

[If** i o ] ±E33 l ©I ft, TfMteWo?* > 

* it* r £ i 1 511** 1 EftOKWRUhfiS. 
[ft**l l] ±BKflo«tt, -hB**Hfc*:l/C* 

i -r sit ** i o tat©KMK±a 

[ft** 1 2 ] ±f2H 1 ©S ft, ±|2^F» i LT 
0. 175M1. Hf/<-tyF©^y^T^A 

1 1 IE«©EltRjkR. 

[If** l 3 ] ±m l ©f fi, Nttfe&JUt&JEI^ 
T K-/<j/ Mc*-$ title, :o F-^h^^-y 

^*£ft5r<t£#$it5!i!**l 0|Bfc©£JWtelt 

Ho 

[IS**14] *»lfc«t**i5RWB6Jh»cj8V^ 
%2<DB-b-fZb, 

«#g©ltt, ®5t*#1. 47551. 5T'fe5M^ 
f£tl-lHiLfc2o©fcK©@fcIiJ£fcg;L . 

*nr , $H&ifc£k, tU iffi&JU. l-*ft5± 

nr &tfkr 14, ^T©li{l£,ffcti<t&#mi:1--5 

l<rir <n K +l 
k K - Kk, <k K +1 

fit, n« XU^krc ft, ±E r O^KftfftS t b t 
n r c =f(n,,k,,r)fc5^lik« =g(n,,k.,r)©||#Srj£ 

[ft** 15] ±f5 n « XV k K ©IE &*#> 5 jfi<a* 

&T<D*x*hzzbmmtm*mi 4BM(D 

n « =-0. 00642 n , 2 +1 . 66878 n , +0. 02786 k , 2 +0. 83206 k 
. +0. 1 5426 r 2 -0. 85276 r -0. 01964 n , k , -0. 58 109 n v r - 
0. 93386 k , r +0. 66289 

k « =0. 0496972 n , 2 -2. 07664 n . +0. 00896 k . 2 +1. 3025 k 
. -3. 44187 r 2 +7. 11118 r-0. 03678 nr k,+l. 95241 n. r- 
0.22876 k, r -3. 69482 

[ii**i6] AmmfrmfiLZfiz^bm&b 

1-£!if**l 4fBi$©£#«SlrJ£ 0 

[is** 1 7 ] ±.mmm ©id, -WMtimfrb 



3 

im ztizzkzm 1 1 mm 1 4 E«©R*fB&ii: 

t> &<r>WkMkv>®&mv>>>tS.< 1 1 1 ox*filfiJc£;ft,5 

[8&#S2 0j ±E*8#l©ltt, ^^©KSMk : 
ft, vvi^-^a©^^, f-*y©»$fkftxtfs? 

* ft 5 r £ i t 1 4 E«©EtfB&.ii:IR, 

r *tbltftffl&&fto^ft< i t 1 ot 
#Wc£;KS££*tf»£t5S#«l 4 iB«©K£f Kit 

l*K©8B»*R9n 2 
[0 0 0 1] 

[0002] 

[&*©&*] EflftibRtt, «itf$ftiif9 

©#ireiS<fttoixT^.5 0 rix^ ©]£$#!?£ lt 
£) , ttiSJl©;&'<-#5*, Rffftff i^scrt 

(cathode-ray tube) ffl/^/K ^©{ftW^J^SB^ 

[0 0 0 3] £tt©£ffift»?£;b;ix3#^Wfc»g = 
-X 4 J/ ?\Z 7^A7j» fbft £> fife* SMS© 

rjy-yizi^x&wtZo 4( 

[0 0 0 4] £1\ 3?4 4 2 2 7 2 1 ^£H!^ 

HA) 14, *>fc<£fclo©ffifitfr*0#fta»&filte« 

7-/ ^A^-fkft ( I TO : indium tin oxide) , 7J K 
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3MtttttfW»S>rii31tt» 1. 0nmH30. Onm 
©#¥JP£*#t/C*S0, *fc, ±EteJB5r*#i|SW»& 
fi£3f 14, ±E*«tttma»fejS50#&fcLft^.fc 5 

<5 0 

[0005] ±.m%mitWkAii, -Mm^mmx 

ftB&ihig£il&1-5 0 

[0 0 0 6] ^H^fffM 7 3 2 4 5 4#(t§f^ 

£ft£2lllTiM£ft3fi7Jt|£itj!f (WT, EltB&lt 
KB) 14, aHfc^^-fy^fejfcSSSi, S< 

SSioli, ±EfU©Ifc*#+3i*fcfc«ilHIl* 
#£T£tfl 5 OlceiTtfcJtSKIIftiMtteiS^ 
s> * ft *> S v *fi*2ftfr fet-ffifife £ *i 5 Wttt#ft*> & 
fiSc33?2©li, ±E»2©«t««H-5ii:tfc±B 
% 2 ©l©BJf*± t> ttv^Wr*«r#tSI5 3 <DMtt> 
bl&<9, -hfE2l2©II4ITO££trt©-t-fc3o 

[000 7] ±.m%.m±mBit, %*fcwx%5kt 

tic, :/7*^y*©fclt*fcft*£-£-CCRT©:7 
^^i>e>©«Kj6©7>f^i: LTftjg*RWBi&il:JR 
WW***. 
[0 0 0 8] 

[^/55^L«t5i1-5iIH] A&EEWK 

±siai4, *«4#ttv*r. taifjsir^nftwmtfefc 

[0 0 0 9] iHBJBWW±ilBlc*JV^-ct» ±B 
[0 0 10] ii-e, *«feWft^i:, mtfEWB&ifc 

[0 0 11] %-X\ #38Hfi, ±SfcLfc*ttt«*T 

#^xt>Rmikmim^m®5ikm&m®t?>z. t & 
mktz>» 

[0 0 12] 

^bfMJii, ±E^ l ©U45tSrKJlXl-5TO3J^fig 
9, ±E»2©aiiJB*f*^i. 475S1. 5T'fe5lt 

ftiJ ^Sft A , , SS*iliJ ^S* A,r t L, ±E* 1 © 
fc#tt«JIWf**n. , ffiSffjRtrk. i 

Rtk.iU ±E»*a.. lt*ft5±E^fiA.r ©Jt 
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[0 0 13] n„-Kn, <n rc + 1 

krc -Kk, <krc +1 

ffiU n«£tfk«fi, ±|5 r (Dmcfcftt -5 1 1 1> 
(i, n™ =f (n. , k, , r) &5 Wik« =g(n, , k. , r) ©M&£i£ 

[0 0 14] ±BR«BSJtBt©»»«: % $*$&k#0 

1^3 r. it, zh££Q&&w&\z#ft 10 

I0 0l5]4fc, *3BWfc*3EWI»Jfc«H\ $J$f 

t, #$#g©lf±, **KiRl-«*m^&*j***i, 
ffi$c#i©ltt, JBJfr$#i. 4Mi. 5T*fe5TO 
d»b***Ji« title, £ttoIttlLfc2o©fcS© 

&#i©l©fog*, fc*J.t*Jl*r*fcn. , ffigftft 

JUr ©Jt£r ttStt, n, RXfk, it, «T©M 
[0 0 16] n« - Kn, <n t c + 1 

krc - 1< kr < krc + 1 * 
Ilr. — 1 < n r <Ilrc+l 

krc -Kk, <k« +1 
fiU n« XVk. II, ±iE r 1 t 1> 

fc, rue =f(n,,k,,r)fc5V>fik„ =g(nv,k,,r)©|i$£j£ 
HLTfl&itSflrabS. 30 
[0 0 2 1] ±En re =f(n,,k,,r)fc5^l4krc =g(n.,k,,^ 

2 



*{IU nrcSVkrc fi, ±Er©illeft#-f5i:irt 
n« =f (n»,k,,r)fe5V'>fikrc =g(nr,k.,r)©|i§^£jfi: 

[0 0 17] ±SESJWB5±R©«pai4, $£$ftk#0 
[0 0 18] 

[^©HJi©^!] eiT> **Wt«5KJW8&Jl:RAS 

[0019] ±ERWKJhBEtt, 0 1 fcJiWJ: 5 1', £ 

l-i£V^/$>b3?l©H i|l2©l2©2o©g|9-£-5 
*l©*ltt*fcB^-$*ttto»&rii 
"9, ft20>*2ttAtf*#i. 475S1. 5t*&^ 

fcSA, .c*5.tSJffi8r**n. , $,s#|fc£k, t L, 

kr tL, ±E8JU. |C*ft5±ESS^r ©JtA, 

/X, Srrt-f5i:t, n, &tfk r tt, tATco (l) 
XRTf (2) SCSr}«*:-rtO-C*)5. 
[0 0 2 0] 



• • • (1) 

(2) 

&r)©Hfl5&ffi<a*5ifi<aa;tt* wt© (3) a, 

[0 0 2 2] 



(4) 



n « =-0. 00642 n , * +1. 66878 n , +0. 02786 k / +0. 83206 k . +0. 15426 r " -0. 85276 
r-0.01964n. k,-0.58109n, r-0.93386k, r+0.66289 ••• (3) 

k « =0. 0496972 n , 2 -2. 07664 n . +0. 00896 k , 2 +1. 3025 k , -3. 44187 r 2 +7. 1 1 1 18 
r-0.03678n» k» +1.95241 n, r -0.22876 k. r -3. 69482 ••• (4) 



¥mmm±x*wm&%t5h<Dx*hz, tit, mz. 

ittf Uyy- 1^7 ? Uy— h (polyethylene terep 
hthalate : P E T) XM&ZtlZ 40 

(cathode-ray tube) £fflt/ % fc^:^i§iI©Hi5^iS,.l|£ 

£tfT s ±IE®BSiffi;4>b©8£U^£rp;ifc9, 
»©SkW^«ft«r*/hK#|i*.5t>o-e*>5. *fc, 2 

[0 0 2 3] tit, *»Wtt2o©#«fc*L-ri3D, 



[0 0 2 4] H l teFtJ: 5 fc, WAtf±E^r 

iSttSrt-f-S^SSr^JBl 1 1 1, ±|E£t*KitJH 
Sr#^i-51T'±E^« 1 1 i 9 iSv^fcjR 1 ©1 

i, ^2©i2 t-ra. 

[00 2 5] ±BJ5 1 ©1 1 *WW5ft#i LT, $ 
fffiT'&Sri, *^*«-*®tJtUT**tt^ilHr^ 
t, B^ttiSiSv^i:, ^M/^#ftv^i, ftS^ffl 

n ^HfEflitt k i v ^ o fc*4M*tt*ft J: 5 
PSWfgT'fe5rtWfP)tb5o *fc> ±IB^2©1 

l,^t, gt^i, R^tt^K^ 
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[ 0 0 2 6 ] titf, *Htt£JB«>ffa!& l-c, 
ft^ftttfco^T, 7K$'^^^rm (admi 
ttance diagram) ©JOISrJH^-CRIJH-S. 

[0027] ^7 k$ y*>m* -mmmxs 

a5*53SMfc«v^ttftllOJBJf*iii<f L<, Mi 
±EKIB*)5V^I4*K©l|ii«S*i:«tl^ifta. 
[0 0 2 8] #7F5^^^«J1 !£E 

[0 0 2 9] fljfctf, ti^tST i Nx i 0 2 © 

T K$ y^y^^7/7A^IH2(^tc ftfc\ Ti 
Nx ©iSSl = 4 5 0nm©i§OS^n l , ?gs 
#£fc£k. it, fc6;. = 6 5 0nm©it©Sffrip& 
n 2 , iBg&Sfcfcki tLXio'O, C (1. 5 2, 0) 

tt, *7x<o%&7\i% v9 (mm) (i, 

0) tt$ft©3t*7K5y*:'* OBtf*) **l/CV* 
So «|2 3ift||2 1 £0&£fcjKA, ftH2 

3<bft^2 2 < b©^^B < btT^5o 20 
[0 0 3 0] ±|BT i Nx ©7 K5 *j9V*94Tir'7 
AKS^T, tfti = 4 5 0nm©l^ £ (-n, , 
ki ) fc/S (n. , -k, ) £±fEjff£©j£C (1. 5 
2, 0) i£iI$tSI&R3I#©iiii$2 l«s±B7K5 

5 0nmOi^, £ (-m , k 2 ) (n 2 , -k 
2 ) t±fEE/r£©£C (1. 5 2, 0) ££iIi®-fSB§ 
R3W©ftH 2 2 #±127 K 5 v 9 yz ?47>?yJ>.X 
<foS 0 

[0 0 3 1] *fc % S i O a ©7 Y%v$y*#y{T>f 30 
7 Ail, A&2 3 t LxnbhZo :®W2 3lt 
( (1. 4 6 2 + l) /2, 0) - (1. 5 6, 0) £ 

[0032] @2{cj;tL«, 2mm&Mjfcr&m£<D7 

h^y^yzoytmit, ft^2 1, 2 2, 2 3£ijfi^£ 
ttXfttiZtZZb&Xts Mz-tfT i Nx &l>*S i O 
2 a»&J&S2lR©£j$7K5y*y*©|US|;ri % Hfcij 
±<Dffife(0&C (1. 5 2, 0) fcttt&U 1 = 4 5 0 
nmT'fi^A, A. = 6 5 0 nrnTii/SB £igS LT, ft 
$2 3irtj:t>hS 1O2 0>yt¥-7Y%y$y*<D®M\Z. 40 
ftoT (1,0) ©2MF*-eiE<S<. 

[0033] fl6*t*j^rfflv^*ir^**Ji 

©KW6&±R©-0!li: L"C, #7*Ste/T i O2/S 
i O2/T i O2/S i 0»/S«©4li»6j^5to^ 
Ol^C, ±137 K§ ^^^T^A^^tPJ 
+3. 

[0034] ::-e, ±.m4j§<DKmitm<DmmM 

to 

[0 0 3 5] if5^»S*»biEv^a»6|Si©l, %1 50 



#i¥9-l 6 5 2 3 1 
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©1-i+ii, ISi©l©Ti02 #*4-fstttttt 

#7*g«©S0r$-C3!>5 (1. 5 2, 0) fl»&£*>± 
tfURfHfclU. ^!Bi:5*WCtS5^3S-CODUa:i 
1 1 H2©1©S iO, #^41-Sft£lli± 

ia^s^f)±faftH2 3|C»o-Cil^k = 0©ii5S 
t'CWl 1 2f^$n, H3©f ©T i O, ^#41" 
5ft^tt±fE^t^t.^t*-CM'5R£}ffi< 111 1 3 
X'^fl, $4©JI©S i0 2 #*41-3lfll»H:±lEj£ 
td>&±eAM2 3(Cfp v oT^©S^-C*fe5 (1, 

0) *-c©^u*-c©ttni 1 4-ea$*i5. 

[0 0 3 6] lot, ±K4S©Elt6&JfcR©7 K§y 

fi>x?>t7? j Ati* tolnii* 112, 113, 

1 1 4fr*tffcifl,*ft£ft5 0 Sfc, &«£f± AW3t 

[0 0 3 7] 4fc, H3fcJ:*Uf, ±E4lT«Sti 
S^KiLRlcRtHftfiA,. ©ft#A#f-fSi:, r©4 

iR©£j£7 k? *s*yxt%t>hfifrft±<om$tt 
lifts, £*itt, 5S*©JB$r*fctt3 U Sit*** 
f^±ofcft5ri(ifts„ 

[0 0 3 8] Sfc, A*t#©tfcft#±iaRfHRIUo -C* 
ttftVMH*H4|C*f 0 

[0 0 3 9] H4fc*svvc, A##©R*#±BRIHfc 
JUo £9fc^fegXT*fcS^£©7KSy?y*y 
^7^7i>>#*£*l/O^So 

[0 04 0] H4fcJ;*Uf, #«©R-C±EAW*©3t 
^l!fJf:#±fBRff«Ao fctk'<-c/h$<45fc©, & 
ttl 2 2 4©«US»tt, »i£i-5±E#|U» 

lllMli 4©$U»^lcjt'<-C/hS<ft5 tt 

[0 0 4 1] L*»t, 4«SiaT**»ric**5«*i 
LT, «-lt»-r53t^l»¥©J£ft^ffiS$jt-c, (H3 
i 1^811', 4#I©$L#-e;JbSWl 2 4©*Att 

(1,0) -e&s 0 i-ftfc*>, ±E»fi^ ({at^>a. 

. ) l'*5tt5±ia4llg©^7K$y^y^f4lift 

So 

[ 0 0 4 2 ] 4 fc % AitTfe©^^ 1 *s ±ista:^ss X 0 

s-a-^7 K5 v*y*\s.\ iftSo 
[0043] a±© r * Ri+iSft 1 r*^7 k $ 

[0 0 4 4] -rr\ -RWft2JBIR©^fig7K 

[0 0 4 5] 15IC, «e*lC*5V^Tffl^6*lT^^RW 
KJhJgiLr, ^1©S*ST i Oi®2©g*SS i Oi 
"Cfc5 2lR (£iT (T i O2 -S i O2 ) mt^o) 
<D7V^y?yx¥47 £*1"o 

[0 0 4 6] HI 5 Wo^T, WW 
7t©Sfi:1^4 5 0 nm, 55 0nm, 650nm©i 
#©^7^7^^^tLT^5o 
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[0 0 4 7] *fc, MzL\m&X = 4 5 0 nm<Dk£. 
(1. 52, O)#i65»6tt4 0, 1 &©#!*]£& 5 £ 
atTWTiO! £»f-5l£©7KS$'*y*© 

R^l$©tW(-o^-Cf3:S i O* 4riiig-t-5jR©7 K5 
S/^y^©fii;^LT^-5o ttc, Ml = 5 5 0n 
m©H£tt\ lRH«KHH6i»fejfiCb*"ettTiOi Sr, & 

y*©#il$-efc9, «£;i = 6 5O0>*£»4, 

ffl«a»&;&c*-cttTiOi j^c*»e>^c ] 

S i 0 2 £ill-f3gg©7 ';?^Oiii^Lt 

[0 0 4 8] H5{£j:ftH\ 01©lHi3!2©l!gi£iI 
ii-f3|£©7 y^y^O»©Wft^Altt5i 

'» £b \ &c ' (7)7 K5 v9"s*94T97J*k.<r> 

[0 0 4 9] r©r£ii, A»**53fcO»ft**ftt 
(TiOi -Sio. ) Ro^fiKajf*tt*ft1- 

S£fX.3o 1~&fr*>, 4 5 0 nmi^ 6 5 0 nm^T* 2 

[oo5o] ^rx*. r©A*t*o**ii:±B (ti 

0 2 -SiO< ) R©EJ't*£<DBfi*&|g 6 
[0 0 5 l]@6l;UK, ±15fcft;i £R#$£©8I 

mtmmi 1 o-e^siis. r©«u 1 on, im-ft 

^1-S*HT-fe5o *fc, Att3fe©&ft;t £K#t$£© 
IH^^_hfBfl|| 1 1 0 fcjjrJ-J: 5 «W»*»< KJWKJh 3( 

[0 0 5 2] B6(cj;ixtt\ KttttJU. #±15 (t i 
Ch -S iO* ) micAKtZt, E*t*#0£4<5 
f±t©$:ft;i UtfUo asAWtSi, K 

[0 0 5 3] -f&fr^ ^*©2llHT*ffM$ti-5Slt 

[0 0 5 4] #3PJ©£ttBSlkIii£ LT\ ±15 

SBl©l^*SrKiRi-5*KSrfflv\ fS2©E#SiO 40 

#tl£±fll©7 KS 7^^^7^7A*H7(^t„ 
[0 0 5 5] ±15010114, AW-f5*©Kftifcrt? 

4 5 0nmOi#ttjSd*t, A. = 5 5 0 n m© £ 
£tt£e£-C\ ifefl = 6 5 0nmOi:#llIf4t* 

3?i©f fcffii^ft 01©1©J?£^©01© 

m<»m\t*?% 1 ©i(-AWt5^©sfi}cjs c-c&fc-r 50 



4*W¥9- 1 6 5 2 3 1 
10 

[0 0 5 6] jfed, Ae, /Sf0*j&a»fejftgS 

SiOi S©7K5y^y^©W^1-« ft 
fe\ AgJ± (1, 0) ^©rttt, ±15 (IT 

o/au-s i o 2 ) mmtmt, £t>«raft 

[0 0 5 7] r©«t5l-, 01©f £ft«fc1-5f £ 

^7^7i^S^T&£t5r£T\ 01©i£0 
2©S©2f ©^TiFM^ *m#fg$©#©E&& 

[0 0 5 8] r r T\ ±150 1 ©ltt^Stt©WM>lx 
If I TO {4 V s ? 4 $ : indium tin oxide) 
#6 0% & (Au) #4 0%*>bffij&£ftSKR#¥ 

[0 0 5 9] *fc, ±E*l©ltt, ^*^©§» 
(T i Nx ) , 5?A/a = >>A©^ft^| (Z r Nx ) , f- 

^ XD&ib$ £ vvi^- ?i»©^t;ti£ ©il-a-fe©'>& 
< £ t> 1 r £ aW&JxS. 

[0 0 6 0] JSioltt, ^*y©$gft$ (T 

iNxOy) , ^3 = l7A©^fkfe (Z r NxOy) , 

©*ft < <b fc 1 oa» * tir t «fc i\ 
[0061] rrr% m7K^Lfc < fc5&7KS5/*y 

m&z^-ftt'mmt lt, 0 1 ©i©7t^#tt^ 

02©StLT, S iO. l^lt^tl, S^IC 

[0 0 6 2] n,=n,-o, flLa>0 
k r = k, + j3, fB L i3 > 0 

r^T\ n,l4ft#i^(±lLfcfc5teffl©@&Sftl©3fc 
K*f-f53?l©!©JB#f^-e&9, n,(4*fefti|ij|'*t 

±150 1 ©l©^s#ict'fe 9 , k r f4±|5fi&ft 

[0 0 6 3] ftjb\ 3>k' i -^->a5u-v'3y?rM 
V^fcyy^Aftf+^lciSt, @Sgfii|©&ftl. ^4 
0 5 nm, *^iJ©&fi^. r ^5 6 3 3^©|g»^[C 

fc^T, « N i3£t{ro. 4W±-efcsr£asfci»5. 

[0 0 6 4] ZZX\ ±fi57 K5 ^>^7^7A 

[0 0 6 5] #1KK*5V^T, #S©am(4WT 

© (5) it-eH £ft5 0 
[0 0 6 6] 



(7) 



W9-1 6 5 2 3 1 



11 



( cos 5 (/sin 5)/^ 
^/ysintf cos 5 J 

8 = 2nNdsm(e/X) -(5) 



[0067] (5) s^fcwt, Nmmmmm 

N = n- i k -ffcfr*>, #3*7 K 3 s/* 

i-iiif.™*. 



12 



[0068] (5) 5ttrffi^T#!R±fr0£ 

Jj^KSs^J'XfcfcSfcftfc, «T© (6) 5£-t*^£ 
[0 0 6 9] 



[ft 2] 



(/sinSJ/y A Y| 
cos5 A 





•(6) 



[0 0 7 0] (6) jSfcfc^T, y. ttSK©7K5y * [0 0 7 2] ft-f> Yfr (B, C) £#£>5:£te, 

^y^T*fe^> 0 ^f7^^y7, Sfcfi WT© (7) sfcln^Sfia. 

£$7KSs/*y*YJi, Y = C/B-r**J6^.ti5o [0 0 7 3] 

[00 7 1] £l±©ri*3M»Lr» 2lK©£jfc7K [*3] 

cos8 2 jsin5 2 /y 2 Y cosS, rsin^/^V 1 > 
^cj (ry 2 sin<5 2 cos5 2 J^sin^ cos^ jj«J 

[0 0 74] (7) Sfcfevvt, e = 0tLT^S. * ★Wjftfta.. t*V^TKJM*3SSOi«5lWtRilM-« 0 

fc, H2©l(Dii*®5r*N2 ft, n 2 =1. 4 6T'fc EI 1 Wo^T N #f©HJpli, d, , d 2 bfemzti 

!?, rfttty 2 icls^-r^o IS l ©JS©8*ffl#r -So 

*N. IS, n, -ik, TfSlSfk £*Uiy, fcftMjt [0 0 7 6 ] KJH*^0 1 45*frtt, (8) A"C*S 

5o y. ttl. 5 2ffc5. tt5o 
[0 0 7 5] rrr% (7) j£fcSV*T, M&ft«©A* [0 0 7 7] 

Y (d. , d 2 ) =C 2 /B 2 = 1 ... (8) 
d. , d 2 &%l<DgRTfi%2<DSomm-?h 30-fr&2©B©8i fi, WT© (9) 5£Rtf (10) ^{CT 

9, (C. , B 2 ) I4C = C 2 , B = B 2 £ (7) 5£f£ »S;h,5. 

f-tALT^fitSMT-feSo *fc, »1 ©I© 6, &tWr [0 0 7 8] 

6 i = 2 n yi di/A. ... (9) 

5 2 = 2 y 2 d 2 /A. •••(10) 

r rT% SaSS0Sx.tfl. =4 5 0nmt^Lt ~4, A., ^546 nmiU, Ar ^6 3 3, 8 6 

f£l©l&0 ? 3!2©S©)t^7 K5 y#V7>yx % y 2 3. 4 4, 9 5 5. 5nm©t#©n, , k, (COl^T 

^4x.bft5t, d, , d 2 tt-*ttfcft*5„ *©fe©/J5£lT©^-Cfe5. fittftfflQ&jU. fcfcf-t" 

[0 0 7 9] r©-*WKlfti{)6ilfcd. , d 2 Srffl^ Sftttftfflaftft A., ©tfcr /A, ) tt, -til 

T\ feftA £ LT0ilx.fi 6 3 3 nmi LT, -hffi (7) eh/1. 1 5 9, 1. 5 8 1, 1. 75T*&5 0 
*,b, (8) 7Zb&m&tZX.5lZtR<k, &&X = 6 40 [0 0 8 1] 

3 3nmK*f-f32ll©*©niki#3fc©6>;h,5o [Si] 
[OOSOjKii^r^n. ^l~3, k. #0 



(8) #FJ¥9- 1 6 5 2 3 1 



13 14 



A=546nm 


A.=633nm 


1 A=863,44nm 


A=955.5nm 


r 


7 =1.1 593 


T =1.581 4 


7 = 


1 75 ' 


nv 


kv 


d1 




nr 


kr 


fir 


Kr 


nr 


Kr 











No Solution 














17 4? 


66.1 
















2 


7.808 


68.837 


0.424 


2.26 










j 


3 


4.297 


R7 51 

Ul iWl 


0.329 


3 325 










1 


4 


2 665 


65.83 


0.217 


4.378 










2 


o 


29 833 


1 16 71 


1 994 




1.3385 


0.939 


1.015 


1.023 


2 


1 


13.3 


91.44 


1.52 


1.395 


0.36 


1.912 


0.0324 


2.05 


2 


2 


6.395 


84.46 


1.315 


2.494 


0 


3.1391 


No Sol 


ution 


2 


3 


3.75 


79.64 


1.175 


3.545 


No Solution 


No Solution 


2 


4 


2.429 


75.983 


1.051 


4.583 


No Solution 


No Solution 


3 


0 j 


7.3069 


127.88 


3.05 


0.868 


1.955 


2.599 


1.43 


2.972 


3 


1 


6.285 


107.76 


2.588 


1.892 


1.068 


3.14 


0.5818 


3.3864 


3 


2 


4.316 


96.47 


2.283 


2.8815 


0.567 


3.975 


0.075 


4.201 


3 


3 


2.9296 


89.4 


2.077 


3.875 


0.188 


4.93 


No Sol 


ution 


3 


4 


2.055 


84.39 


1.914 


4.874 


No Solution 1 


No Solution 



[0 0 8 2] tit, n, , k r <D&mt, &ft;u -ett * bzz.bi*£A>z. 

fc<, rOfimS. «Atf, r = l. 7 5 t Lt, [ 0 0 8 5 ] *L X\ JLKOffig&tl-** UK T fc £ 

±|a^T*{4, fcgA, = 5 4 6 nm, fcgA. r =9 5 <D^ffi^ 2fc©j£{Sh?3fc«>5 r tt? (n, , k, x n 

5. 5nmT'fe5M^^t^5^, tf ^. =40 , ) RXf (n, , k, , k, ) tfnbtlZ b*MtnM 

Onm, fciX, =7 0 0 nmT*feott> (n, , k *ft*B«£ btf^imttiZo 

r ) (Dmimtx-hz, fiu HS¥d, , a 2 im&x [0086] 3*, 4*&i£{gttffik-o*>3a 

[0 0 8 3] l,/L = 6 3 3 nm/54 6n SftittllfftT L* 5 fc*, 2&©ji££(£fT5 < , 

m=l. 15 9f©n, 0>£fc$rE8fc, k, <D [0 0 8 7] *A5n r Rtfk, ££tT©5£-C 

%fc*m 9 {--e^^'n^i-o 30 g-f. 

[0084] B8&tf09fc.t;h,|f, (n, , k, , n [00 8 8] 

r ) (DM&RTf (n, , k, , k,) (ommtrnw-mx- * 

nr= f (n, , k. , r) • • • (1 1) S 

kr = g (n. , k, , r) ■ • • (12) it 

(at, r=A,/*, 3KiS{H5ttt: (13) XRV (14) 

(1 1) (1 2) ^O2ft(0t-^-f(D>jS [0 0 8 9] 

2 2 2 

rir-mi n* +m 2 nv+im kv +m< kv+msr +m 6 r+ra? n, kv+nu nvr+m 9 k»r 
+mio ... (13) 

2 2 2 

kr = p t n» +p 2 n,+p 3 kr +p< k T + psr +p 6 r+p7 n v kv + p 8 nvr+p 9 k»r 
+ pm •••(14) 
(1 3) 5£&tf (14) SO/v^^m, -rmo &t>* *tltt# s (3) (4) ^T*fc5 0 

Pi -pio Sr±IB^<07 f -*Srffi^Tfi:/h2*&-e#fo* [0 0 9 0] 

n rc =-0. 00642 n / +1. 66878 n , +0. 02786 k v 2 +0. 83206 k , +0. 15426 r 2 -0. 85276 
r-0.01964n v k, -0.58109 nv r -0.93386k, r +0.66289 - • • (3) 

k « =0. 0496972 n / -2. 07664 n , +0. 00896 k / +1. 3025 k , -3. 44187 r 2 +7. 1 1 1 18 
r -0. 03678 n v k, +1.95241 n, r -0.22876 kv r -3. 69482 • • • (4) 

roiSffiWjORJItt, nv =1-3, kv =0-4, r SrStfcLT^5ffi^S©n, RUk t fc&<5 <t L"C, 
= 1-1. 7 5©«fflT?n, fclftLTO. 3^7, k, (1 5) 5*Xt5 (1 6) SCfcT*S^5iBi6»Oa©* 

[0 0 9 1] rrT% J£*T<£ (15) RRXf (16) SC 50 [0 0 9 2] 



15 

n re — a < n r < n « + a 
k r = — a < k r <k«+a 
r rT*, RiRJKi: LTjftSHfcS&ftflj (4 5 0 nm) 
tfiltSn. tk. (n., k.) - (1, 

0) , (2, 0) , (2, 1) , (3, 0) , (3, 

1) , (3, 2) ©eaofcov^r, r ft 

KRJ***afl;U £gj| (6 5 0nm) fl!|T*©n, t 
kr £©|l£ (3) SCXtf (4) SU0#6it3fla»fe 
a£tf£fc£#fc££©J|Z*&Eit*fc4 5 0nmH6 

5 0nmO«H-efH|[Ufc. r©fUHS*,fc!>, 6$1© ] 
m£€©¥^£$t^©¥#l£#©fc 0 
[0 0 9 3] rote*, a = 0. 5 0t#sp*&SJWs(if4 
0. 14%, & = l<DbZ¥®mt&l$0. 2 6%im 

JtKtf * 9 , KW* 0.26 %tt«tfcRi*Rf JhH-e* 

[0 0 9 4) @10|; (3) ^ (4) 5££fflV> 

MM£i, (7) 5t, (8) (9) W (10) 

y h Lfct).»©-fi|Sr^ 0 

[ 0 0 9 5 ] 0 1 0 {Cfc^T, ifigftH 1 0 4 Jiftjfc* 
flft?©?B6&8ck, ^Mfclfeift-f-Sftfeftitr £©H 
to&iFto 4fc, '©ifiMftHl 0 4f4, f&ft&$©7° 

[0 0 9 6] ifiMfftH 1 0 5 14, *Ufcgfl|-C©JB 

W 1 0 5 J4, i£<M$ 1 0 4 £ l&ttK* %^M<F>7v 

[0 0 9 7] lot, 01 0K4:ftf4\ (3) it, 3( 

(4) ttft^xm\im.**$>x, z.vim.'m&m 

^Xntbtlti&nOilzZti-Zn, RVkr £, (7) 
^ (8) ^ (9) 5£&tf (1 0) 3t£flHr*T#»fc 

[0 0 9 8]3t^#tt/jS (3) (4) ^^?SJ£t 

STOi LT, #ttt©*m^;U4*I TO (-f 7 

: indium tin oxide) ^6 0% ^ (Au) 40 

#4 o%fre>m&zti&nm*s t i n x , z r n x , 

(T i Nx ) k (Z r Nx ) k<DU&^ T i NxOy, 
ZrNxOy, (T i NxOy) t (Z r NxOy) fcQflft 
•WM«l«f&ftS. 

[0 0 9 9] -^3 = ^ (Zr) $rffl^fc#iR 

[0 10 0] TiNx, ZrNx, (T i Nx ) 

k (ZrNx) kOW&fa TiNxOy, Z r NxOyS. 
V (TiNxOy) k (Z r NxOy) fcOft&fcfc, *#fi 
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• • • (15) 

• • • (16) 

(3) StRtf (4) 5£fciE<J< 0 

[oioi] r^T% Eli iict i Nx i^v^fv 

[0 10 2] 01 lK«fcftl4\ ±|2T i Nx 
ry*K-^y^Ufc2l^f4, H480nmH60 
0 n m*-eoje«|CS5 jftft©3fc©RW*l»Jht5 r i: 

[oio3j s*t3tettt**aiH**L, 

M£ilZ>Lk\Zt£6 e Cl©ri:!4, r©2lJH£CRT 

SW3ttt, *$> 5 V ^#$rfWfc 6 Kft -5 r k tfftfr 
5. 

[0 10 4] int. ±|st i Nx wy^fy^ 
K-tv^Lfeil^ PET7-/ ;uA±ir^t5*j£ 

[0 10 5] K-tV^S(4, ft*fc*HTtt*— ? 
v VtfPck V-s<y W®km-\zm&LX, r©zg 
GVt>t:X'<yfijl!m+& r <b -CfTfcft-C^fc. 

[0 10 6] *r-C, *»WCtt^-^y h3 1 i, s 

> h 3 2 £IEg LT n-^3 4 T*S|g7 ^M3 3 
**9 4*6^<y^«Hir 5rfC, ±|3±ETiN 

[0107] /jc"*j, K-^y h 3 2 f4^-y y h 3 1 |C 
f4^LT^^V\ rp-r^rtT', K-^h32fc« 
fS.ttK'VTX&mnc <0 , h 3 2 Srg«S®ffi 

[0108] $ t>tc, K-/N'y h ^ LTtf^^y 
[0 10 9] ttV^T, ^^^r^K-tV^1-5Jt 

[oiio] 01 3fc, ^y^fytfl OR-f^- 
[0111] 01 3^c^ov^-c, mxm (mQx cm ) t 

^y^xryMftciiiJiili o 2\cm^fii> e 
roftli0 2(i, ?y^xfytWogf/<-t 
> h©tt M±Zk t), ^y^r^^/650. 5® 

feyhc&^*-ejfei>u o. 5*>t,i. 5^ 
^— b y h $ x®-%cDm k 3, 

[0 112] r©ft^i 0 2[c4n«, ^>i/^r>^ 



(10) 



9-165231 
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[0 113] } V y MS^Mtt, ^T© (17)* 

M= (nv-nr) x (kr-kv) 

0 :®ltil0 1H:^>^7 

o. 5iM^— tyhfrbo. 8m?*-t 

[0 115] -jRfc, r©* y y hH-fM^KtMSifjS 

«fc*»t*S«Wtt#*v\ ftoT, fl&i o lKift 

0. 4^5,0. btKSi. 
[0 116] U-k(D£olZ2Mmmf$.tZ>ZkX\ ffi 
WKJhBISr^f*:*, 8t*3#2*H\ 09x13*0 RT 

II rc - Kn, <nrc + 1 

krc - 1< k, < kr= +1 

±|Bnrc =f (n, , k. , r) h 5 1/ ^ita =g (n. , k, , r) ©gfM£ £i£ 
Mt^iaf^li, OT© (3) 5C, (4) 5STT?**ft ★ 



[0 114] 

• ■ • (17) 

[0 117] *«K^5SWKJtKtt, 014 

•c, flftaifrbrit'K 5jfi4inisi^?>$i© 

14 2, »2©l4 3-it5t, ^$C#B©ftt, * 
*»JR+5*mi»6>*fife*ix, ffilfc#B©lfi, JBJf* 
10 47551. 5-Cfc5*t»*»6>»rit$ti5i:i:'b 

fc, ^El-jltHLfc2o(Dft^(DMzSft{iJ^SftA., , 
ft&JMI&&ft;i. £U ±E*H8fe#I©«©i£g;i. 

U ±fEfcgl» l^1-5±|B^ftir ©ifclr /X, 

SrritSirt, n, Attic, WT© (1) 5t&tt 
(2) a©BBff*»*i-frift«r«ifc^5. 

[0 118] 

• • • (1) 

... (2) 

★ 5. 



[0 119] 

n « =-0. 00642 n , 2 +1. 66878 n , +0. 02786 k , 2 +0. 83206 k . +0. 15426 r 2 -0. 85276 
r -0. 01964 n, k,-0.58109n, r -0.93386k » r +0.66289 • • • (3) 

k « =0. 0496972 n , 2 -2. 07664 n , +0. 00896 k . 2 +1. 3025 k . -3. 44187 r 2 +7. 1 1 1 18 
r -0. 03678 n , k , +1. 95241 n , r -0. 22876 k , r -3. 69482 • • • ( 4 ) 



o) icxif (4) &m\\t±MLt.m*)x*h 

[0 12 0] ffi*#B©Stfci>*>£"2©E4 
3, B4©l4 5*T-tt, Si 0 2 30 

[0121] tit, ffftiioltiSei3t)l|iol4 2 

XttSB 3 ©1 4 4 ©ft^#tttt±;$ tfe^ftlCT*© & 
ft 5. 

[0122] ±iaf! 1 ©1 4 2 Rttjg 3 ©1 4 
4 tt*«tt©#ft0!l)itf i to W ^rV !> A«fb 

f : indium tin oxide) ri*6 0%, & (Au) d*4 0% 

[0 12 3] tit, £ffl©f 4 2&tt|g3©f 44,4, 
f-^ y<D^{bfe (T i Nx ) , ^V3 = !) &<T>WkM 

(ZrNx) , ^yWlftl^-^-^ACltt 40 
t ©ffi^4fe©'>* < £ 1 1 otlM $ tt-5 r £ tfagtf b 

ft5o 

[0 12 4] £fc, 3ll©Jf 4 2 &tt|? 3 ©Jf 4 4,4, 
f-fXD&WcM (T i NxOy) , 5?yU3 = 5rA(7)iSg 
it* (ZrNxOy) , yoUIftftR^l-^ - £ 

j±(om.mm<DU%m<D>pt£< lo^tM^ft-c 

[0 1 2 5] *fc % ±K*F8#1©1H\ JFHStt^^T© 
T i Nx , "f"*fi4&^ff©T i NxOy, **E4fc£*T©Z r 
Nx , 4^3-3 £© Z r NxOy, ;tl?>ffl©S^|)© 50 



[0126] rr-e, mi s^m^^xm^btix 

1^-5 4/fjg (#7*S&/T iO»/Si 0 2 /T i 0 2 
/Si0 2 , WT$3|5© 4JlKiV^5) &tt*»"JJ© 
^0>Ji tT©4liH (±SEffefc©4JBK©2o©T i 
0 2 (CO. 5j^^— fey p^^yi/^xV^^^-fr 

fc4JMt, 6lT*&#«04JMt*v*5) ©Attft©j£ 

[0 12 7] 01 5\Zi3^X, ±fBfl£*©4lJ*,C:}8tt 
5A#3t©&gX iSW*i©^ttflH5 1 

lt*i:©M^}4ft^5 2|i^$ti,5 0 
[0 12 8] ±8S*^ft:«©4Ji*ifcj3tt5AW 
*©ftfta. l:KW*i©B8filS:ailWlc*«)fct©tft 
ft 5 3|C*f. 

[0 12 9] 015ic«t^i«, ^*©4SIH©Pli|Xllc: 
^y^^ry^W$*5fe*ttT% ^*©4lJ5IicH:'< 
X, j£«SBB©»^©*©SW*S:«i*.Sr.i:iSBrij6K4 
5o 

[0 13 0] K±**WK:fii5RJHRiJtlt*affl**t5 

[0 13 1] ^Jitf, 2«K{c*jv^ttS52©i, &5 
V^(44lJi(C*5V^T,4ffli:#i©UwS iQ 2 I^ffl^ 



(11) 

19 

[0 1 3 2] *fc, CRTOSiSOKlt|6±Rt*«W 
[0 13 3] 

^1-fcfe*>$Ste#ffi< , iS:^JII«Wlf*fc»v^TKW 
[0 1 3 4] **Wfc«55WB5±Rt«tJitf, 

5Jb*4S|ft±i-«B. 20 
[0E©«5#fctft9n 

[urn *mmz>mp5±m<D2m<»mM<»ffi 

57 K5 j'^^y-/7^7A(D-«^t^77fJ) 

[03] #*R0-fl*LT4lK©RHMfc*5rt« 
7 K5 y$V*#47?7&<F>- W%7fit?77Xh 
5o 

[04] ±!E4SRo»:W-iSft£Jl^©8EfitS3ft5TK 30 

[05] ft*© (TiOi -SiOi ) SltKitlH©7 

[06 ] JbfH (T i O2 — S i O2 ) RMESihiI©Alt 
%0>&&bBUtt*k<DVWs*mtr7-7T*»>Z o 
[07] *%®<D-Mt LT©2lT'tM$tl-5 (IT* 



#§§¥9-1 6 5 2 3 1 
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*0/Au-SiO ! ) RWRitKOTK^y^y^^-f 

[08] ±w,2%X'®f$,ztiz>mpj±m\cmm$i 

[09] ±E2l-e*^$*iSS*tl»JhlttfcfT5fi« 
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